Classical congenital nephrogenic diabetes insipidus (NOI) is a rare X-linked condition and therefore predominantly affects males. It is caused by a defect of the arginine vasopressin V2 receptor (AVPR2). The condition usually presents within the first 4 months of life with polyuria and irritability associated with thirst. Physical development may, however, proceed normally if access to fluids is freely available. Polydipsia may be mistaken by parents or guardians as behavioural rather than correctly identified as physiological. A very rare autosomal form of NDI occurs due to defects in the water channel protein specific to the distal renal tubule -aquaporin 2 (AQP2). Clinical presentation is essentially the same as for the classical form but without male preponderance.
We describe the case of a girl presenting with non-accidental injury, including evidence of head injury, in association with severe hypernatraemia, Following initial resuscitation, subsequent investigation revealed the presence of diabetes insipidus, but of a nephrogenic rather than cranial type. Genetic studies revealed an Xlinked condition due to a new mutation of the AVPR2 gene.
CASE HISTORY
A 23-month-old girl (weight 9·2 kg) was admitted in a moribund state to the accident and emergency department. She was severely dehydrated clinically and had multiple bruises predominantly over the head and neck. The mother admitted that she and her cohabitee had been punishing the child because of her refusal to eat or drink.
Correspondence: Dr C P Chan Seem. E-mail: cp.chanseem(a)klshop.anglox. nhs. uk Initial investigations on serum were sodium 180mmol/L, urea 5·5 mmol/L, creatinine 73,umol/L and glucose 4'8 mmol/L, A provisional diagnosis of hypernatraemic dehydration due to inadequate fluid intake was made. There was no obvious history of unusual body fluid losses such as diarrhoea or vomiting. A 48-h rehydration regime was commenced, using normal saline initially, then changing to half normal saline after 8 h. Further increases in fluid infusion were instituted during the second day of admission when it became clear that the urine osmolalities were inappropriately low despite hyperosmolal serum: maximum urine osmolality 220 mmol/kg, serum osmolality 367 mmol/kg, serum sodium 170 mmol/L, Rehydration continued on the third day of admission, with the serum sodium falling to 145rnrnol/L, but the inappropriately high urine output and the consistently low urine osmolalities suggested a diagnosis of diabetes insipidus.
At the time of admission the child was semiconscious, consistent with her state of dehydration. However, her failure to recover following rehydration prompted the search for other causes, leading to findings strongly suggestive of non-accidental injuries. These included retinal haemorrhages on fundoscopy and a subdural haematoma on a head computed tomography (CT) scan. The neurological features together with evident failure of osmoregulation suggested cranial diabetes insipidus (CDI) in association with trauma to the head. She was given 4,ug of intravenous desmopressin (DDAVP) 48 h after admission but this had no effect on urine output. Repeated doses of DDAVP were similarly ineffective: urine output remained between 70 and 130mL/h. Likewise, the urine osmolality remained low, failing to rise above 220 mmol/kg. The provisional diagnosis was therefore changed from CDI to NDI. • 1000
In paediatric practice, hypernatraemic dehydration is usually the consequence of unusually high fluid losses, such as during acute diarrhoeal illness, unmatched by an adequate fluid intake. Excessive salt ingestion is a rarer cause. Following admission, failure of rehydration on a standard regime coupled with continuing polyuria led to the provisional diagnosis of diabetes insipidus. At this stage, it would have seemed plausible that the failure of osmoregulation was due to CDI secondary to trauma to the brain. The finding of retinal haemorrhages was strongly suggestive of a shake injury.? The lack of response to repeated doses of DDAVP was ment of Human Genetics, University Hospital Nijmegen, have established a mutation in the form of a G-insertion in position 732 of the AVPR2 gene (cDNA map of Birnbaumer et al.
I ) . The AQP2 gene responsible for the autosomal form of NDI was normal in the child, as was chromosome analysis, which showed the normal female karyotype, 46XX.
The child's eventual recovery has been complete apart from a minor delay in speech expression. the child had always required a lot of fluids since early infancy, to the extent of needing three feeding bottles every night. Because the patient was the only child, the mother did not think that the behaviour was unusual and therefore had not sought medical help. The subsequent clinical course was one of slow recovery. The patient regained consciousness by the third day and could manage oral fluids. She had a transient cortical blindness and a mild hemiplegia which resolved by the fifth day. Fluid balance was achieved with an input of 115 mL/h.
The patient underwent a formal water deprivation test during which a weight loss of 5% was recorded over 6 h. During that time, serum osmolality increased from 295 mmol/kg to 301 mmol/kg, whereas urine osmolality did not rise above 208 mmol/kg and urine output did not fall below 44 ml.jh, DDAVP challenge had no effect on either urine output or osmolality, thus confirming the diagnosis of NDI. She was treated with hydrochlorothiazide, leading to a modest reduction in urine output.
A search for associated biochemical features of acquired NDI was unrewarding: serum calcium (2-47 mmol/L) and potassium (4' 3 mmol/L) were normal. There was no evidence of an associated renal tubular defect: serum phosphate 1·07 mmol/L, random urine pH 5,0, with no evidence of proteinuria or aminoaciduria. Urine samples obtained at the time of her first admission revealed markedly elevated immunoreactive arginine vasopressin (AVP) excretion rate relative to the corresponding urine osmolalities, indicating severe resistance to AVP and thus securing the diagnosis of NDI (Fig. I) .
The carrier status of the mother was investigated by a formal water deprivation test with measurements of AVP excretion rate. No weight loss was recorded over 6 h of water deprivation. During that time, serum osmolality remained constant at 283 mmol/kg and the urine osmolality peaked at 892 mmol/kg. There was no significant urine output after 6 h of water deprivation even without DDAVP challenge. AVP excretion rate measurements on the urine samples showed normal osmoregulation (Fig. I) . The absence of renal resistance to AVP excludes a functional carrier state in the mother.
The unusual diagnosis of congenital NDI in a female led to molecular genetic analyses in the search for a possible mutation. These studies, performed in The Netherlands by the Depart-therefore unexpected and this, together with exclusion of secondary causes, suggested congenital NDI despite its extreme rarity in females. This diagnosis was subsequently confirmed by the demonstration of renal resistance to endogenous AVP and the discovery of a mutation of the A VPR2 gene. There was no obvious mechanism of inheritance; the mother did not express any defect of osmoregulation and therefore did not show any evidence of a carrier state. The natural father was unavailable for testing.
The AVPR2 gene, localized to the long arm of the X chromosome at position q28, codes for receptors located at the outer surface of the basolateral membrane of the principal and inner medullary collecting duct cells of renal tubules. AVPR2 belongs to the family of G-proteincoupled receptors, characterized by seven transmembrane spanning domains. Binding of AVP to this receptor triggers a cascade of intracellular events involving the activation of GTP-binding proteins, adenylate cyclase and an increase in intracellular cAMP. The latter, through unknown mechanisms, causes the migration of intracellular vesicles containing AQP2 water channels into the apical membrane of the tubular cells. The net effect is a marked and rapid increase in the water permeability across the tubular cells, allowing water reabsorption to proceed.
To date, more than 60 A VPR2 gene mutations have been reported in families with NDI. 3 These include single nucleotide substitutions and variable base pair deletions or insertions. The impact on receptor expression or function is variable, and includes reduced or absent vasopressinbinding ability despite receptor expression on the cell membrane," uncoupling of the Gs-adenylyl cyclase system," blocked intracellular transport of receptor to the cell surface," ineffective biosynthesis and/or accelerated receptor degradation." Female carriers of AVPR2 mutations are usually phenotypically normal or exhibit only mild symptoms.' Our patient, whilst possessing a mutation of the AVPR2 gene, is atypical in manifesting the full clinical expression of NDI; such cases are rare but have been reported elsewhere.! It is conjectural whether the mutation has been inherited from the natural father or arisen de novo in our patient. To our knowledge, this is a new mutation previously unreported (Knoers, personal communication).
In this case, the mutation causes a frameshift resulting in a truncated receptor that is functionally defective. The mechanism that Nephrogenic diabetes insipidus 781 allows the dominant expression of the mutated X gene in a female is conjectural. An Xautosome translocation is unlikely with the finding of a normal female karyotype. Skewed X-inactivation, a phenomenon during which the normal random inactivation of one of the two X chromosomes of females is biased, is a possibility; indeed, the degree of skewed X-inactivation has been reported to correlate roughly with the severity of the phenotypic expression." However, skewed X-inactivation is found in 9% of healthy females.!? Dominant negative mutation, in which mutation of the receptor product interferes with the expression of wild-type receptor protein, has been described for AQP2 11 but not for AVPR2. Our report illustrates two points. A child with an unrecognized medical condition is at risk of abuse. The finding of non-accidental injuries in a child should be a prompt to consider the possibility of an underlying medical condition. Secondly, whilst it is axiomatic that common disorders appear commonly, occasionally rare conditions present themselves. The ability to recognize such opportunities requires close attention to the clinical course. The pursuit of an explanation for any unexpected deviation from the usual course may in tum lead to the discovery of such rarities.
